This paper aims at analyzing the effects of bank size, age and ownership on efficiency of Egyptian banks, as measured by Data Envelopment Analysis (DEA) according to CCR method. This has been conducted using Wilcoxon signed rank test, as applied on a sample of 10 banks during the period from 1984 to 2013.
Introduction
Efficiency measurement is an aspect of firm performance that is measured with respect to an objective; it can be measured with respect to maximization of output, maximization of profits, or minimization of costs. Scale economies, scope economies, and X-efficiency are different aspects of performance. Scale and scope economies refer to selecting the appropriate outputs, while X-efficiency refers to selecting the appropriate inputs. Typically, scale economies refer to how the firm's scale of operations (its size) is related to cost. Scope economies refer to how the firm's choice of multiple product lines is related to cost (Mester, 2003, p. 2) .
Data envelopment analysis (DEA) is a mathematic technique developed in operations research and management science and over the last 40 years, the field of its usage has been extensively updated. DEA is a non-parametric linear programming technique that measures the relative efficiency of a group of decision making units (DMUs) which receive multiple inputs to produce multiple outputs.
The basic idea for development of DEA method is to enable the efficiency measurement in non-profit sector (e.g., schools, hospitals, police districts, mines, air force). Later on, it was applied also in the profit sector (e.g., bank branches, production facilities) (Berger & DeYoung, 1997; Berger & Humphrey, 1997) .
DEA, first proposed by Charnes, Cooper, and Rhodes (1978) and applied by Sherman and Gold (1985) is based on earlier work initiated by Farrell (1957) . DEA has become a popular technique in bank efficiency analysis since its first application by Berger and Humphrey (1997) provides an international survey of efficient frontier analysis of financial institution performance. Maletić, Kreća, and Maletić (2013, p. 845) addresses the basics of DEA methods: CCR (Charnes, Cooper, and Rhodes), BCC (Banker, Charns, and Cooper) and AP (Andersen and Petersen) .
The most basic models of DEA are CCR, BCC, Additive and SBM. CCR and BCC models are radial and aim to minimize inputs while keeping outputs at least the given output levels (input-oriented) or attempt to maximize outputs without requiring more of any of the observed input values (output-oriented). The combination of both orientations in a single model is called additive model. Additive models treat the slacks (the input excesses and output shortfalls) directly in objective function, but it doesn't have the ability to measure the depth of inefficiency by a scalar similar to θ* in CCR-type models (Shafiee, Sangi, & Ghaderi, 2013, p. 2) .
DEA models that project units on the efficient frontier by reducing resources are termed input minimization models, and those that augment outputs are termed output maximization models. A DEA benchmarking model is unambiguously specified once we determine its inputs and outputs, and specify the linear programming formulation that fits the envelopment surface and projects the inefficient units on the efficient frontier (Soteriou www.ccsenet.org/ibr International Business Research Vol. 8, No. 8; 2015 & Zenios, 1997 .
The choice of inputs and outputs is perhaps the most important task in employing DEA to measure the relative efficiency of the DMUs. Two approaches are widely used to identify a bank's inputs and outputs, the production approach (e.g., Sherman & Gold, 1985) , and the intermediation approach (e.g., Yue, 1992) . Under the production approach, banks are treated as a firm to produce loans, deposits, and other assets by using labor and capital. However, banks are considered as financial intermediaries to transform deposits, purchase funds and labors into loans and other assets under the intermediation approach. More specifically, deposits are treated as an input under the production approach and an output under the intermediation approach.
Egyptian banks have expanded their activities that the growing inputs (e.g., assets, deposits, and paid interests) and outputs (e.g., loans, gained interests and net profits) reflect, during the period from 1984 to 2013. Table 1 illustrates the development of Egyptian banks' efficiency using from 1984 till 2013, as follows: Vol. 8, No. 8; 2015 In brief, this study tries to answer these three main questions:
 Does "bank size" affect its efficiency?
 Does "bank age" affect "banking efficiency"?
 Does "ownership type" affect "banking efficiency"?
This paper addresses a main question about determinants of "banking efficiency", as measured DEA technique using CCR method. Determinants of performance, to be examined, are variables related to "bank size", "bank age" and "ownership type".
The paper is arranged as follows: after this introduction, section 2 reviews research literature that has concerned with "banking efficiency" and "banking characteristics" that include size, age and ownership type. Section 3 explains how to measure research variables and illustrates how to test the hypotheses. Section 4 is for empirical work, presenting results, discussing how these results answer research questions using Wilcoxon Signed Rank Test and providing a robustness check using step-wise regression technique. Section 5 summarizes the paper and provides remarks about conclusions.
Literature Review
This section presents some of previous work, which has been conducted in the field of "banking efficiency" and "banking characteristics" that may affect banking efficiency.
Regarding "banking efficiency", Aly et al. (1990) uses CCR model to evaluate the technical, scale and allocative efficiencies of 322 USA banks in 1986. The number of full-time staff, fixed asset, capital and loanable fund are chosen as inputs; while real estate loan, commercial and industrial loan, consumer loan, miscellaneous loan, and current deposit are chosen as outputs. Andersen and Petersen (1993) propose ranking model that shows how much the unit can "get worse" but still be efficient. Superefficient units are those with efficiency of over 100%, the most efficient is the one which is highest ranked, while the units with efficiency less than 100% are inefficient and therefore ranked lower. Soteriou and Zenios (1997) have indicated that analyzing banks' efficiency should include branches, service quality, operations, and profitability, simultaneously. The authors develop a framework for combining strategic benchmarking with efficiency benchmarking of the services offered by bank branches. They use 3 DEA models: an operational efficiency model, a quality efficiency model and a profitability efficiency model. Empirical results indicate that superior insights can be obtained by analyzing operations, service quality, and profitability simultaneously than the information obtained from benchmarking studies of these 3 dimensions separately.
Berger and Humphrey (1997) documents 130 studies of financial institution efficiency, as applied on 21 countries, from multiple time periods, and from various types of institutions, including banks, credit unions, and insurance companies. Results suggest that progress has been made on efficiency measurement rather than that has been made in explaining the differences in performance (i.e., profitability or efficiency) across institutions. Athanassopoulos et al. (2000) examines 47 branches of the Commercial Bank of Greece and uses the DEA results to implement the proposed changes in the bank performance measurement system.
Milind (2003) Efficiency of Canadian banks has been investigated by Avkiran (2006) and Wu et al. (2006) . Avkiran (2006) applies DEA using a sample of 24 Canadian foreign bank subsidiaries in year 2000. The outputs include loans, securities and non-interest income, while inputs include deposits, non-interest expenses and equity multiplier. Wu et al. (2006) integrates the DEA and neural networks (NNs) to examine the relative branch's efficiency of a big Canadian bank. The authors observe 142 banks in Canada, and monitor the number of employees and costs for input indicators; while for output they monitor deposits, income and bank loans.
Sakar (2006) Alber (2011) considers the effects of banking expansion on profit efficiency of the Saudi banks. This has been conducted using a sample of 6 commercial banks (out of 11), and covering the period from 1998 to 2007. Profit efficiency has been measured using the ratio of actual profitability to the best one, which a similar bank can realize. Tests indicated that we could accept hypotheses regarding the effects of "availability of phone banking", "number of ATMs" and "number of branches" on profit efficiency of Saudi banks. Maletić, Kreća, and Maletić (2013) uses DEA technique in case of measuring operation efficiency of the banking sector in Serbia, which currently has 33 banks. Input and output indicators differ according to the used models A and B. According to Model A, inputs include interest expenses and non-interest expenses, while outputs include interest income and net non-interest income. According to Model B, inputs include deposits and employees, while outputs include loans and operating income.
Shafiee, Sangi, and Ghaderi (2013) evaluates the efficiency of an Iranian bank using dynamic SBM model in DEA during three consecutive terms considering net profit as a good link and loan losses as a bad link. Each branch in each term expends money on labor salaries and operating expense as inputs to produce loans as output.
In each term some loans become non-performing, because of unable borrowers to make full or even partial payment. Dynamic SBM efficiency is compared with its static efficiency to check the validity of described model. In addition, input-bad link excesses and output-good link shortfalls (slacks) are analyzed and further suggestions to the management are provided.
Thayaparan and Pratheepan (2014) focuses on total factor productivity growth and its decomposition of commercial banks in Sri Lanka, as applied on two state banks and four private banks over the period 2009-2012. By using DEA, total factor productivity and its components are measured in terms of efficiency change, technical efficiency change, pure efficiency change and scale change. Interest income and loans are considered as outputs and deposits, total assets, number of staff and interest expenses are considered as inputs. Results indicate that, all six banks operate averagely at 87.2 % of overall efficiency and that less performance is achieved due to the less progress in technical change than efficiency change. The overall results conclude that private banks are more efficient than state banks.
Concerning with banking characteristics, Carvallo and Kasman (2005) indicates that very small and very large banks are significantly more inefficient than large banks, as applied on 481 Latin American and Caribbean banks over the years from 1995 to 1999 using a stochastic frontier model (SFA). Besides, Anis and Sami (2012) shows that small and medium-sized banks are more efficient than large ones, private banks are more efficient than public ones and foreign banks are more efficient than domestic ones, as applied on 17 Tunisian banks over the period 1997-2006 using a parametric approach stochastic (SFA).
Alber (2014) aims at analyzing the effects of "size", "seasonality" and "attitude to risk" on the performance Egyptian banks. This has been conducted using a sample of 10 banks, and covering the period from the first quarter 2003 to the fourth quarter 2011. Results indicate that, hypotheses regarding the significance of differences between performance indicators, according to "size", "seasonality" and "attitude to risk" on the performance Egyptian banks could be accepted.
Comparing with previous work, the current study:
 Tries to investigate its determinants, while the most of previous work focuses on only efficiency assessment. Berger and Humphrey (1997) addresses that progress has been made on efficiency measurement rather than that has been made in explaining efficiency differences.
 Combines size effect, age and ownership, while the most of previous work concerns with only one or two of these aspects.
Data Description and Hypotheses Developing
Required data regarding bank efficiency, size, age and ownership indicators could be shown as follows: This paper aims at testing the following three hypotheses:  There is no significant effect of "bank size" on its efficiency.  There is no significant effect of "bank age" on its efficiency.  There is no significant effect of "bank ownership" on its efficiency.
Regarding the first hypothesis, the null hypothesis H 0 states that, for each mean efficiency indicator  CCR :
The alternative hypothesis H a could be shown as:
Regarding the second hypothesis, the null hypothesis H 0 states that, for each mean efficiency indicator  CCR:
Regarding the third hypothesis, the null hypothesis H 0 states that, for each mean efficiency indicator  CCR:
The alternative hypothesis Ha could be shown as:
Robustness checks test the significance of differences between CCRs according banks size, age and ownership could be shown, as follows:
Regarding each of banks' characteristics, the null hypothesis H 0 could be shown as: β n = 0 (where n = 1, 2, 3)
The alternative hypothesis H1 could be shown as:
Results of Empirical Study
The following table illustrates the means of bank efficiency scores according to size, age and ownership for a sample of 10 Egyptian banks during the period from 1984 to 2013: Source: collected and processed by the researcher using DEA according to CCR method.
The previous table shows the means of bank efficiency according to size, age and ownership as a whole that don't indicate these means according to categories of bank "size", "age" or "ownership". The following table illustrates the means CCRs according to banks' characteristics, for small-sized banks (SIZ S ), big-sized banks (SIZ B ), young banks (AGE Y ) and old banks (AGE O ). In addition, it shows the means of these characteristics, for public banks (OWN P ) and private banks (OWN V ), as follows: Testing Hypotheses using Wilcoxon signed rank test shows, at p-value of 0.01, that there's a significant differences between banks' efficiencies, as follows:
 According to bank size, results indicate that efficiency scores of small banks are significantly different from those of big ones. Small banks seem to be more efficient than big ones.
 According to bank age, results indicate that efficiency scores of old banks are significantly different from those of young ones. Old banks seem to be more efficient than young ones.
 According to bank ownership, results indicate that efficiency scores of private banks are significantly different from those of public ones. Private banks seem to be more efficient than public ones.
Testing Hypotheses using Wilcoxon signed rank test shows, at p-value of 0.01, indicates that the null hypothesis is rejected, for the second and third hypotheses. This means that the alternative one could be accepted showing significant difference in Egyptian banks' efficiencies, due to their size, age and ownership.
To check the robustness of these results, step-wise regression analysis has been conducted and provides the following results: Table 6 . Determinants of bank efficiency Note. Each cell contains the estimated parameters, with std error between brackets, where * denotes p-value of 10%, ** denotes 5% and *** denotes 1%. Table 6 indicates that "bank ownership" may explain 21.1% of efficiency score at p-value of 1% and when adding "bank age", R 2 becomes 23.4%. This means that:
 Regarding bank size: Robustness check does not support the results obtained by conducting Wilcoxon signed rank test. Literature indicates that this point still needs to be more elaborated. Moh'd Al-Jarrah (2007) shows that bank's size affects its cost efficiency scores. Besides, Carvallo and Kasman (2005) indicates that on average, very small and very large banks are significantly more inefficient than large banks. In addition, Anis and Sami (2012) sows that small and medium-sized banks are more efficient than large ones.
 Regarding bank age: Robustness check supports its effect, as it adds to the explanatory power. Really, R 2 has been increased only by 2.3% (from 21.1% to 23.4%), but the effect seems to be significant and robust.
 Regarding bank ownership: Robustness check supports the results obtained by conducting Wilcoxon signed rank test. In addition, literature assures this effect, where Fries and Taci (2004) and Anis and Sami (2012) indicate that foreign banks are more efficient than domestic ones. Besides, Thayaparan and Pratheepan (2014) 
Summary and Concluded Remarks
This paper aims at analyzing the effects of bank size, age and ownership on efficiency of Egyptian banks, as measured by Data Envelopment Analysis (DEA) according to CCR method. This has been conducted using Wilcoxon signed rank test, as applied on a sample of 10 banks during the period from 1984 to 2013.
Results indicate that, efficiency scores differ significantly, according to "size", "age" and "ownership" of the Egyptian banks, where small, old and private banks seem to be more efficient than big, young and public ones. Also, robustness check assures the "age" and "ownership" effects, using panel data analysis.
Bank ownership explains 21.1% of efficiency scores and this could be more elaborated by analyzing private banks characteristics that may enhance efficiency. Further research may investigate their competitive advantages in areas of risk management, systemic risk and financial stability.
